A search has been made using the Buckland Park air shower array for evidence of any excess of events from the direction of the recent supernova in the Large Magellanic Cloud. Upper limits resulting from this search and their significance are discussed in this paper.
Introduction
Supernovae play a particularly important role in high energy astrophysics since they represent a phenomenon having clear associations with high energy particles. They have long been considered to be potentially significant sources of very high energy cosmic rays (Colgate and Johnson 1960) . It is natural therefore to look for very energetic phenomena associated with supernova 1987A and we have searched for evidence for high energy phenomena at about the time of its discovery. Phenomena such as prompt electromagnetic pulses including X-rays and gamma-rays have been proposed for supernova outbursts. It is believed that such phenomena are more likely to manifest themselves more strongly some months after the outburst (Gaisser and Stanev 1987) . It is nonetheless important to determine what limits can be set for prompt radiation in the outburst period so that the models may be properly tested.
We have used the Buckland Park air shower array to search for evidence for ultra-high energy (UHE) gamma-ray events at or about the time of the outburst as indicated by the neutrino observations. Any observed events would presumably be originated by UHE gamma-rays since charged cosmic rays would be scattered and delayed by galactic and intergalactic magnetic fields. We have searched with a burst detector for evidence of any burst of events in coincidence with the neutrino burst and have searched our routinely recorded directional data for any possible directional excess over a period ~3 weeks before and after the outburst.
Detectors
The Buckland Park air shower array consists of 31 scintillator particle detectors. It detects primary particles with typical energies of -10 15 eV within an area of ~ 3 x 10 4 m 2 . The array, which is situated at sea level at a latitude of 35°S, has been described elsewhere (Crouch et al. 1981 and its use as a gamma-ray telescope discussed by Ciampa et al. (1986) . It is designed for continuous operation but is susceptible to occasional power failures and requires to be reset after such occurrences. A power failure occurred on the day prior to the observation of the neutrino bursts.
In normal operation the array triggers on air showers, with a particle size threshold of -3 x 10 4 particles, at a rate of ~ 1 event/10 s. In this mode it has a dead time after each event of -0.5 s. A simple data collection system also operates to search for any possible bursts (Bruce et al. 1985) with essentially zero (4 /AS) dead time. Due to the power failure, normal data collection was not operating at the time of the neutrino bursts but the burst detector was operational.
Burst Detector Results
The burst detector records the occurrence of any two array events within an interval of 0.5 s. It measures the time spacing of the events (to ± 4 /is) and also records the absolute time (to ± 5 s). It is constructed to avoid significant dead time effects for bursts containing up to 16 events by employing temporary fast data storage for event information.
We have examined our burst data for the day of 23 February 1987 (Central Australian Summer Time) and find no evidence for any excess of potential bursts. There were 89 potential burst events recorded on 23 February compared to an expectation of 95 burst events by chance and, on that day, there were no unexpected sequences of events constituting a burst.
There are two times on the day of 23rd February which are of particular interest. They are 2h 52m UT when a neutrino burst was observed at Mt. Blanc by Aglietta et al. (1987) and 7h 35m UT when a neutrino burst was observed independently by the 1MB collaboration (Bionta et al. 1987 ) and at Kamioka (Hirata et al. 1987) . We have no record of any potential UHE gamma ray bursts at either of these times. The closest observed records we have are at 2h 48m 25s UT and at 7h 23m 34s UT respectively. At the two times of interest, the supernova was at zenith angles of 65 ° and 42° and the array had corresponding energy thresholds of -5 x 10 16 eV and ~2x 10 15 eV.
If there had been a gamma ray burst associated with a neutrino burst and of a similar (-10 s) duration we would have expected to have detected a potential burst signal if more than four gamma-rays had been detected by the array. With a knowledge of the array collecting area characteristics, we can place limits on the flux of UHE gamma-rays in such a burst coincident with a neutrino burst of ~5 particles (> 10 17 eV) over an area of 5000 m 2 for the Mt. Blanc time and ~ 5 particles (> 3 x 10 15 eV) over an area of 8000 m 2 for the IMB/Kamioka time. Assuming a distance of 50 kpc to the supernova, these give limits of total radiated energy in any prompt gamma-ray burst of 2 x 10 45 erg or 4 x 10 43 erg above the respective observational energy thresholds.
Directional analysis results
The array burst recorder merely observes the time of occurrence of any bursts, it does not discriminate in terms of direction, except by atmospheric collimation. Apart from the period 22nd February to 24th February, the full array with directional analysis operated normally over the period of discovery of the supernova. We have analysed our recorded data over seven weeks (3 February-27 March) covering the supernova discovery in order to determine whether or not any UHE signal was present in the early supernova stages. Figure 1 shows directional data for the seven weeks of observation from an area around the supernova in order to determine whether or not there is any clear excess in the direction of the supernova. There is no simple clustering observable with the data presented in this way.
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At the declination of the Large Magellanic Cloud, the array, which has an angular resolution of about 1° under ideal conditions, has a foreshortened appearance to the incoming beam and its angular resolution is thus somewhat degraded in a roughly north-south declination direction. Also, the angular resolution depends on the particle size of each observed shower since this determines the number of independent detector timing measurements which are available. As a result, the angular resolution is complicated, in principle depending on unknowns such as the energy spectrum of any observable photons and the way in which photon initiated showers develop in the atmosphere. Using conventional cosmic ray showers as a guide we have derived approximations to the angular resolution as a function of zenith angle and we have used this information to follow, with the array, the diurnal path of the supernova, accepting only showers within the (varying) array angular resolution about the source. A similar procedure was followed for 23 background 'sources' spaced at intervals of one hour in right ascension to give a background for comparison. We find that, for the period of three weeks before the supernova, we observed 55 on-source events compared to a background of 49.2 + 1.5 (an upper limit of 20 excess events at the 95% confidence level) and in the four weeks following the supernova we observed 62 on-source events compared to a background of 60.5 ±1.6 (an upper limit of 18 excess events). These data were obtained above a photon energy threshold of -1 0 1 5 eV and, assuming a distance of 50 kpc to the supernova, correspond to an upper limit of 10 38 erg s" 1 to the flux at source above this threshold.
Discussion
We have been able to set two forms of upper limit to any UHE gamma-ray emission from the LMC Supernova 1987A. Firstly, a limit of ~2 x 10 45 erg or -4 x 10 43 erg for any emission in coincidence with possible neutrinos from the initial supernova process. We note that a characteristic explosion energy of a Type II supernova is ~10 5 1 erg (Woosley and Weaver 1986 ). Secondly, we have yet to observe any significant emission over an extended period. This gives us a limit to any continuous flux of -10 38 erg s" 1 for gamma-rays of energies > 10 15 eV. The latter flux may be compared to a total power considered reasonable for the accelerated protons in the source of -10 43 erg s" 1 (Gaisser and Stanev 1987) . These observations are continuing.
